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NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PERFORMANCE OF AN ALT-INTERNAYL CONICAL COMPRESSION INLET

WITH ANNULAR THRCAT BLEED AT MACH NUMBER 5.0%

g By Leoneard E. Stlitt and Leonard J. Obery

SUMMARY

An all-internal conlecel compression inlet with annular bleed at the -
throat was investligseted at Mach 5.0 and zero engle of attack. The mini-
mum contraction ratio of the supersonlc diffuser, coincident with a mass-
flow ratio of 1.0, was determined to be 0.084 es compsred with the isen-
tropic contractlion ratioc of 0.04 st Mach 5.0. The over-gll inlet per-
formence was very sensitive to the amount of ammular bleed at the throsat
- because of the extensive boundary layer. For example, the critical
recovery varied from 41 percent wilth 6-percent bleed to 52 percent with
25-percent bleed. Decreassing the spacling between the supersonlc and
subsonlc diffusers increassed the critlcsl mass-flow ratio but reduced
the range of suberitical mass-flow regulation. A constent-sres section
was required shead of the subsonlic diffuser in order to obtaln reasongble
performance. An Inlet-engine net-thrust enelysis indicated that the
optimum performance occurred with from 20- to 25-percent bleed, depending
on how the bypassed air was handled.

CE-1

INTRODUCTION

In order to provide experimental data on the performance of inlets
at Mach 5.0, & program has been initiated st the NACA Lewls leboratory
to investigate the performance of severeal inlets, inecluding an 211i-
internal compression Inlet. A similar sll-Internal conical compression
Inlet was previcusly investlgaeted at Mach numbers fram 2.0 to 3.0 (re:r:‘.
1), and the present investigation 1s an spplication of this inlet type
to a Mach number of 5.0. The inlet was deslgned with enough flexibility
to obtain (1} the minimum contraction ratio for the supersonic diffuser
with a mass-flow ratio of 1.0, and (2) the relation between the over-all
recovery and the throat 'bound.ary—la.yer removal.

This investigation was conducted in the Lewis 1- by l-foot veriable
Reynolds number tunnel at Mach 5.0 and a pressure altitude of 100,000
feet. ‘I'he Reynolds number, based on an inlet dismeter of 1/2 foot was
1.12x105.

¥Pitle, Confidential.
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SYMBOLS y
A ares, -
QF thrust coefficient -
D drag
a dlameter P
F thrust -ﬁ
M Mach number
m mass-flow rete
P total pressure

P! Pitot pressure
D static pressure
S distance between supersonlic and subsonic diffusers

T ratio of specific heeats

e kinetie~energy efficlency
Subscripts:
b bleed
id ideal

8 spilleage | o R T o o .

t entrance to subsonilc diffuser
x axisl distance
(0] entrance to supersonic diffuser.

1l.. exit of supersonic. diffuser
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2 megsuring statlon et start of subsonic diffusion

3 measuring stetion at end of subsonic diffuslon

APPARATUS AND PROCEDURE
Model Design

The model consisted of two basic components, a supersonic diffuser
ahead of & subsonic diffuser.

Supersonic diffuser. - The supersonic dlffuser was formed from the
internal passage of & frustrum of a 10° cone, with an Inlet dismeter of
6 Inches. The dlffuser was opened part way on its centerline forming a
door, which was hinged at 1ts leading edge. This door wes opened to
"start" the supersonic flow through the inlet and then was closed for
running, as shown in figures 1(a) and (b). The supersonic diffuser was
mounted in the tumnel by means of a horizontal support strus (fig. 2).
The asctuator for opening and closing the starting door was mounted on
this strut and can be seen in figure 1(=).

Subsonlic diffuser. - The subsonic diffuser wes mounted independently
of the supersonic diffuser, snd the distence between them was varled by
transleting the subsoniec difffuser Iun the tunnel. Most of the data pre-
sented herein were obtained with a constent-area section ghead of the
12°-included-a.ngle conical expansion, as shown in figure 2. The length
of the constant-ares section was 0.7 inlet dlemeter for all cases. The
performence of the diffuser with the straight section elimlinsted was
also determined for one configuration. The internsl-srea verilation of
the inlet wilth a dismeter rstio of 0.885 is presented in figure 3.

Shrouds., - Two shrouds were investigated to simulste a throst
boundary-layer-bleed discharge passsge thet would be required in an
actusl inlet. As shown in figure 2(b}, the Fflush shroud was formed by a
continuation of the exit surface of the supersonic diffuser. This shroud
was then cut out to form the stepped-ares shroud. The stepped shroud
was similer in appearsnce and l1dentical In concept to the bleed config-
uration dlscussed In reference 1.

Computations

For a glven cenfiguration the mess flow was regulasted by means of a
remotely actuated plug at the exit of the subsonic diffuser. The msss-
flow ratio was compubted from a measured total-pressure recovery st sta-
tion 3 and the assumption of isentrople £low to the choked exit area.
The total-pressure recovery was calculated from an area-weighted average
of 24 Pitot tubes at station 3.

OSBRSS T,
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RESULTS AND DISCUSSION

The first phase of the investigation was to determine the perform-
ance of the supersonic diffuser alone. The convergent passage helf-
angle, which was arbitrarily selected at 5°, represents an intultive
compromise between shock losses (function of angle) and frictilon losses
and welght (function of diffuser length). The minimum contraction ratio
Al/AO of 0.084 was determined experimentally with the supersonic diffuser

capturing a full stream tube. In comparison, the isentropic compression
ratio at a Mach number of 5.0 is 0.04.:

A Pitot-pressure survey of the flow leaving the supersonic diffuser
was teken at & spacing ratio S/dl of 0.144, representing one possible
location of the entrance to the subsonic diffuser. This survey (fig. 4)
indicated that the supersonic diffuser wall boundery layer filled sbout
two~thirds of the exit area. Pltot-pressure recoveries outside the
boundary layer ranged fram 71 to 80 percent of free-stresm total pressure.
The decrement 1n total-pressure recovery in the center of the high-
pressure core, also noted In reference 1, was attrlbuted to the coales-
cence of the supersonic compression waves on the centerline of the super-
sonic diffuser. . ) ' S ) )

The survey Iindicetes the upper limit of pressure recoveries thet
mlight be expected by intercepting the flow leaving the supersonic diffuser
with subsonile diffusers of varying entrance dismeters. The diameter
ratios shown In filgure 4 represent the physical size of three of the
subsonic diffuser inlets used in this investigation. Subsoniec diffusers
with bleed discharge directly to free stream (fig. 2(a)) and with entrance
diemeters from-l.34 to 1.74 inches (dleameter ratios of 0.77 to 1.00) were
located at the_p%aqq of survey, and the results are presented in figure
5. The lével of the pesak recoverles of the varilous configurations is
near the value that might be expected from an integration of the profile
shown in figure 4. Suberiticsel flow, as evidenced by the performance
curves, was accomplished by the movement of the normal shock in the bleed
gap S Tbetween the two diffusers. Schlleren photographs, showing the
inlet at various operating points, are presented in figure 6. The per-
formance curves (fig. 5) Indicate the relatiaonshlp between pressure re-
covery and amnular bleed removal. As expected, the critical recovery
increased with Ilncreased bleed flow. Critlecal recovery increased from
41 percent with 6-percent bleed to 59 percent wlth 25-percent bleed; the
meximum recoveries were from 4 to 9 counts higher than eritical. The
lowest mass-flow ratio shown for each configuration (or the highest
total—préSsure;reEbvery'point) represents the minimum stable mass flow
before the normal shock was expelled through the supersonic diffuser.

The conflguration with the highest supercritical mass-flow ratio had a
slmulated flush slot bleed at the throat, since the dismeters of the
supersonic and subsonic diffusers were equeal; that is, dt/dl = 1.0.

228v
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The total-pressure distribution at station 2 s, immedlietely aft of
the constant-area section, was obtalned for one of the subsonlc-diffuser
configurations and 1s presented in figure 7. The over-gll performance of
the subsonic-diffuser configuretlon is reproduced st the top of figure 7
for reference, and profiles are shown for four of the performence points 5
as indicated. The profile was rather asymmetrical in the supercritical
range bub became more symmetrical with ceriticsl and suberitiesl inlet
operation.

Reference 1 determined that the specing between the diffusers had
an apprecigble effect on over-sll performance. One configuration was
run in this investigation to détermine a near-optimum spacing ratio.
The spacing ratio S/dl 1s defined as the distance between the super-
sonic and subsonic diffuser divided by the exit diameter of the super-
sonic diffuser. ' Decreasing the spacing ratio (fig. 8) Increased the
critical mass-flow ratic but, as expected, decreased the range of sub-
eritical mass-flow regulation. In faet, with a spacing ratio of 0.072 3
the normal shock could not be positioned in the bleed gep, and the pesk
recovery of this configuration was less than the eriticsal recovery of
the other two configurations investisted.

All configurations discussed so far hed s constant-ares section
ghead of the subsonic diffuser (figs. 2 and 3)}. It was reasoned that if
a single normel shock could be positioned shead of the diffuser, the
constent-area sectlon should not be required. This wes not the case,
however, for, as shown in figure 9, the pesk recovery decreased fram 80
to approximately 42.5 percent when the constent-srea sectlon was elimi-~
nated. An inspection of the statle-pressure distribution in the diffusers
of the preceding configurations indicated, in all cases, a pressure rise
in the constant-area section even with whet apparently wes a normal shock
standing in the bleed gap (fig. 6). It thus appears from this investi-
gation that some length of constant ares 1s needed shead of the subscnic
diffuser. However, no attempt was made herein to determine an optimum
length. Such studies have been conducted elsewhere (e.g., ref. 2).

The configurations presented to this polnt have all had an irmediate
bleed discharge to the free stream as indicated in figure 2(a). Obvi-
ously, an actual inlet canflguration would require a boundery-layer-
bleed passage to carry the bleed air to the inlet extermnal surface and
then to discharge it rearward. Two shrouded configurations were inves-
tilgated to simulate a reasongble bleed pessage. With e flush shroud,
formed by & continuation of the supersonic-diffuser exit (fig. 2(b)), it
was found that the normal shock could not be positioned in the bleed gap.
Consequently, the pesk recovery of this configuration was cbtained at
eritical flow (fig. 10), and no subcriticsl mass-flow regulation was
possible. A step-area change in the sI'Jroud., as concelved and reported
in reference 1, allowed the normal shock to stand in the bleed gap, and
the performance was essentislly the sasme as that of the no-shroud
configuration. -

W .
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Before the drsg associated with bypassing alir around the throat can
be estimated, the recovery level of the bleed air must be determined. A
total-pressure survey was made In the annulsr bleed duct as indicated in
the sketeh in figure 11. The static- and Pltot-pressure measurements
indicated a local Mach number of about 2.9 at this survey plane, result-
ing in an average bleed recovery of 15 percent of free-stream total pres-
sure when the Pitot-tube readings were corrected for the locel normal-
shock losses.

A hypothetical inlet-englne net-thrust eanalysis heas been made to
obtain the reletion between annular bleed flow and optimum Iinlet thrust
minus drag. Five inlets, each wilth & spacing ratio of 0.144 (fig. 5),
were matched to a given engine at two points on each performance cuxrve:
(1) criticel mass-flow ratioc (solid symbols) and (2) minimum steble mass-
flow ratio (or pesk recovery). The following engine assumptions were
made: (a) matching Mach number Mz of 0.20, (b) thrust coefficient for

100-percent inlet recovery cFid. of 10.0 based on engine area, and (c)

thrust coefficient, based on free-streasm-tiube ares, for any inlet total-
pressure recovery compubted Lrom

Cp = 2(1.6,\/?1; - 1)

where

-1
T M
. (T-l)Mg P3[PO

Thé computation of spillage drag Dy was based on the following assump-
tions: (1) All the reduction in englne mass-flow ratio was accamplished
by an snnular bypass at the inlet throat, (2) the bypass dlscharge weas
agssumed to be 1n an axial direction, (3) the bypass exit total-pressure
recovery was assumed to be 15 percent, and (4) bypass drag coeffilcilents
were computed for a sonic exit ares and for an exit area that expanded
the flow to free-stream static pressure or an exit Mach nuwber of 3.8.

The results of thls analysis are presented 1n figure 12. The inlet
efficiencies were hilghest when the bleed flow was expanded to Pg, as
expected. For sonlc discharge the optimum performance was obtained with
about 20-percent bleed flow. This corresponds to the configuretion with
a dismeter ratio of 0.828 in figure. 5. The bleed-drag coefficient for
20-percent spillage was about (.10, based or Inlet area. When the bleed
flow was expsnded to free-stresm static pressure, the optimum inlet per-
formence was obtalned with higher bleed flows (fig. 12(b)). The spillage
drag coefficlent for 25-percént bleed was &bout 0.03 'in this case. It
should be pointed cut that the spillsge drags for the two methods of

Fra-sssnmma iR s
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exhausting bypass flow (fig. 12} probably represent the meximum end mini-
mum values, respectively, thet would be obtalned for the conditions
stated. In & practical case, the spillage drag would probebly fall in
between the two cases shoun.

SUMMARY OF RESULTS

The following results were obtalned with an all-internal conlcal
compression inlet with annuler throst bleed at a Mach number of 5.0:

l. The minimum contraction ratio for the supersonic diffuser, with
a mass-flow retio of 1.0, was determined to be 0.084 as compared with the
isentropic compression ratio of 0.04 at thlis Mach number.

2. Critical totel-pressure recoveries varied from 41 to 539 percent
with 6- and 25-percent bleed, respectively. Pegk total-pressure recov-
eries were from 4 to 9 counts higher than critical.

3. As the spacing between the supersonic and subsonic diffusers was
decreased, (a) the critical mass-flow ratio wes lncreased and, as ex-
pected, the range of suberitical mass-flow regulstion was decreased, and
(v) = minimur spacing ratio was obtained where the normel shock could not
be positioned in the bleed gap.

4. Eliminating the constant-area sectlon shead of the subsonic dif-
fuser decreesed the pesgk recovery from 60 to spproximately 42.5 percent.

5. Optimum inlet efficlency was obtained with @bout 20- to 25-percent
boundery-layer-bleed flow, depending on the method of discherging the
bypassed air.

Lewis Flight Propulsion Leboratory X\
National Advisory Comittee for Aeronautics
Cleveland, Ohio, May 27, 1958
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C-46414
(a) Door open for starting.

(c) Stepped shroud. C-46751

Figure 1l. - Supersonic diffuser.
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Airflow statione 0
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(a) Complete model ingtsllation.
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{b) Typee of doumdsry-layar-bleed passeges,

Famre 2. - Superponic and subaonic diffuser details.
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Figure 4. - Pitot-pressure survey of flow leaving supersonic diffuser. Sur-
vey plane at specing retio, S/a.l, of 0.144. Supersonic-diffuser contrac-
tion ratio, A3/An, 0.084. . S - U
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Total-pressure recovery, Pz/Pg
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Figure 5. - Effect of increasing subsonic-diffuser
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(c) Suberitical. (a) Minimm stable.

Figure 6. - Normal-shock positlon in bleed gap.
0.288; diameter ratilo, d-t./dl’ 0.770.

Spacing ratio, 8/d;,
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Duct centerline
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Figure 11. - Total-pressure-recovery proflle for ennular bleed duct. Spacing ratio,
S/dl, O.144; diemeter ratio, dt/dl’ 0.885. ’
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Figure 12. - Inlet-engine net-thrust
analysis.
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